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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This docunnent has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] An optical multilayers filter characterized by having the crosswise lamination section 
which carried out the laminating of the refractive-index inclination laminating section in which is 
the optical multilayers filter which carried out the laminating of the dielectric thin film to a 
multilayer in single direction, and a refractive index of a dielectric thin film layer carries out 
sequential inclination change to the direction of a laminating, and a dielectric thin film layer of a 
high refractive index and a dielectric thin film layer of a low refractive index by turns. 
[Claim 2] An optical multilayers filter according to claim 1 characterized by forming more than 
one so that said inclination laminating section may be put in the direction of a laminating of said 
crosswise lamination section. 

[Claim 3] An optical multilayers filter characterized by having the crosswise lamination section 
which carried out the laminating of the refractive-index inclination laminating section in which is 
the optical multilayers filter which carried out the laminating of the dielectric thin film to a 
multilayer in single direction, and a refractive index of a dielectric thin film layer carries out 
sequential inclination change to the direction of a laminating, and a dielectric thin film layer of a 
high refractive index and a dielectric thin film layer of a low refractive index by turns, and a 
refractive-index difference controller prepared among these laminating sections. 
[Claim 4] Said refractive-index difference controller is an optical multilayers filter according to 
claim 3 characterized by consisting of two or more different single refractive-index films. 
[Claim 5] An optical multilayers filter according to claim 3 characterized by preparing a 
refractive-index difference controller which comes to use a single refractive-index film formed in 
a desired refractive index by changing a presentation ratio of Si02 and Ti02 between said 
refractive-index inclination laminating sections and crosswise lamination sections. 
[Claim 6] The 1 st refractive-index inclination laminating section which is the optical multilayers 
filter which carried out the laminating of the dielectric thin film to a multilayer in single direction, 
and carried out the laminating of the dielectric thin film to a multilayer so that a refractive index 
might carry out a sequential increment stair-like, An optical multilayers filter characterized by 
forming the crosswise lamination section which carried out the laminating of a dielectric thin film 
layer of a high refractive index, and the dielectric thin film layer of a low refractive index by 
turns, and the 2nd refractive-index inclination laminating section which carried out the laminating 
of the dielectric thin film to a multilayer so that a refractive index might carry out sequential 
reduction stair-like in above order. 

[Claim 7] An optical multilayers filter according to claim 6 characterized by forming a refractive- 
index difference controller between said refractive-index inclination laminating sections and 
crosswise lamination sections. 

[Claim 8] An optical multilayers filter according to claim 6 characterized by preparing a 
refractive-index difference controller which comes to use a single refractive-index film formed in 
a desired refractive index by changing a presentation ratio of Si02 and Ti02 between said 
refractive-index inclination laminating sections and crosswise lamination sections. 
[Claim 9] Said refractive-index inclination laminating section is the optical multilayers filter of 
any of claims 1 , 3. and 6 characterized by forming using a single refractive-index film formed in a 
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desired refractive index, or one publication by changing a presentation ratio of Si02 and Ti02. 
[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3Jn the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the optical multilayers 
filter which carried out the laminating of the dielectric thin film with which the optical spectral 
separation filter which separates the light of desired wavelength spectrally is started, especially 
refractive indexes differ to the multilayer for example, in wavelength division multiplex optical 
communication etc. 
[0002] 

[Description of the Prior Art] As new technology corresponding to the increase of optical- 
communication capacity with fast wavelength division multiplying (WDX: wavelength division 
multiplexing), although the development is progressing in recent years, the further increase of 
wavelength many load resultant pulse numbers is desired. In such optical communication, in 
order to use the light of desired wavelength alternatively, the optical spectral separation filter 
which consists of dielectric multilayers which carried out the laminating of two to different three 
sorts of dielectric thin films by turns is used. Such an optical multilayers filter is explained below. 
Drawing_6 is explanatory drawing showing the structure of the conventional optical multilayers, 
the case where there is no absorption in a film — refractive index (nO) p+1 on a substrate the 
reflection factor (R) of the light which carried out incidence from the multilayers of a layer, and 
amplitude-reflectance rp+ — 1 and 0 have the following relation. 
[0003] 
[Equation 1] 

rp+ — 1 and 0 [an amplitude reflectance — 0004] 
[Equation 2] 

. Pp..,p^r,.,exp(-«d,) 

********. dp in a formula, and rp+1 and p They are a phase, p+1 layer, and p. respectively. It is 
an amplitude reflectance between layers and there is the following relation. 
[0005] 
[Equation 3] 
A-JZ 

I *♦ At the wavelength of incident light, they are np and dp. It is p. respectively. It is the 
refractive index and thickness of a layer thin film, fp is the angle of refraction in p layers of light. 
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It is [0006] by Fresnel's (Fresnel) principle. 
[Equation 4] 

U p U p+1 



p 



In however, the case of s-polarized light In the case of p-polarized light, it is [0007], 

respectively. 
[Equation 5] 

2^. = ^.cos^. (i = o, 1, 2....) 

[Equation 6] 



u = ^ ■ 

' COS (f) . (i — Oj 1, 2..*.) 



It comes out. Graphical analysis and an analysis synthesis method have been used for 
optimization of the laminated structure of the optical multilayers to the optical property of 
arbitration from the former. However, the automatic ticketing which used the personal computer 
has become common recently. 

[0008] Next, such a conventional optical multilayers filter is further explained based on drawing 7 
(a), (b), and drawing 3 . Drawing 7 (a) is drawing showing the relation between the number of 
laminatings in the optical multilayers filter which carried out the laminating of the dielectric thin 
film of a height refractive index by turns, and a refractive index, drawin g 7 (b) is drawing showing 
the count result of the transparency property in the optical multilayers filter shown in draw^^ 
(a), and drawin^^^^^ is drawing showing the membranous quality of the material and a membranous 
refractive index. In what is shown in drawing 7 (a) as such a conventional optical multilayers 
filter, the laminating of the dielectric thin film H of a high refractive index and the dielectric thin 
film L of a low refractive index is carried out by turns, and they are formed. Here, H and L are 
Ti02 which has the optical property shown in drawing 3 , and Si02 film, respectively. The 
incident angle of light is set to 0 (vertical incidence) in count of a transparency spectrum, and it 
is 730 nm about main wavelength. It carried out. In such a conventional optical multilayers filter, 
although it had about 1 00% of reflection factor in the reflective band of main wavelength (730nm). 
it was difficult for there to be a problem that many interference peaks exist in a transparency 
band, and to obtain a highly precise light filter. 

[0009] The RUGETO mold filter which made the refractive index to the direction of thickness of 
a dielectric thin film continuation and the structure where it was made to change periodically, 
according to functions, such as a sine, is known as what, on the other hand, improves the optical 
property in the conventional optical multilayers filter mentioned above. The RUGETO mold filter 
as this 2nd conventional example is explained based on drawin g 8 (a) and (b). Drawi ng 8 (a) is 
drawing showing the relation of the number of laminatings and refractive index of a RUGETO 
mold filter, and drayyln^^^^ (b) is drawing showing the count result of the transparency spectrum in 
the RUGETO mold filter shown in drawin g 8 (a). In order to compare with the configuration of the 
optical multilayers filter which carried out crosswise lamination of the height refractive-index 
thin film mentioned above, it considered that the thickness corresponding to a round term of a 
sine function was twoHayer [ of mutual multilayers ] to drawing 8 (a), and the relation between a 
refractive index and the membranous number of laminatings was shown in it. The thickness (x) 
dependency of the refractive index (n) of a RUGETO mold filter can be expressed with the 
following formulas. 
[0010] 
[Equation 7] 
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[001 1] Here, nO and n1 are an average refractive index and the amplitude of refractive-index 
change, respectively, and P is the thickness of one sine period. As shown in drawing 8 (a), as for 
the RUGETO mold filter, the refractive index has continuation and the structure of changing 
periodically, according to the sine function to the direction of thickness. And although 
interference in a transparency field is controlled and the harmony reflective peak of a low 
wavelength range also decreases from the optical multilayers filter with which the RUGETO mold 
filter carried out crosswise lamination of the high refractive-index layer so that clearly from 
^miE^ (b). the reflective peak near the reflective band cannot be deleted. Then, in a RUGETO 
mold filter, in order to solve an interference peak [ / near the reflective band ]. other functions 
which adjust the optical property in a filter design are needed. For example, it becomes possible 
by adding a 5th way function, a Fourier function, etc. to the structure of a RUGETO mold filter 
to improve the optical property of a broadband reflective mold filter. However, since a filter 
configuration becomes very complicated, production will become more difficult 
[0012] 

[Problem(s) to be Solved by the Invention] Thus, in the conventional optical multilayers filter 
which carried out crosswise lamination of the film of a high refractive index, and the film of a low 
refractive index, there was a problem that it was difficult to fill military requirements, such as a 
narrow bandwidth and stability over a temperature change. Moreover, in a RUGETO mold filter, 
control for a filter configuration to form membranes to high degree of accuracy continuously [ it 
is complicated and / refractive index ] according to a layout value was difficult, productivity was 
low. and there was a problem that it was difficult to provide cheaply in the stable quality. The 
technical problem of this invention solves the problem of the above-mentioned conventional 
example, and offering few good optical multilayers filters of an optical property has interference. 
Moreover, it is in offering an optical multilayers filter with high productivity 
[0013] 

[Means for Solving the Problem] As said The means for solving a technical problem, an optical 
multilayers filter of this invention is an optical multilayers filter which carried out the laminating 
of the dielectric thin film to a multilayer in single direction, and was considered as a configuration 
equipped with the crosswise lamination section which carried out the laminating of the 
refractive-index inclination laminating section in which a refractive index of a dielectric thin film 
layer carries out sequential inclination change to the direction of a laminating, and a dielectric 
thin film layer of a high refractive index and a dielectric thin film layer of a low refractive index 
by turns. 

[0014] Moreover, an optical multilayers filter of this invention was considered as a configuration 
formed so that said inclination laminating section might be put in the direction of a laminating of 
said crosswise lamination section as said The means for solving a technical problem. [ two or 
more ] 

[0015] As said The means for solving a technical problem, moreover, an optical multilayers filter 
of this invention The refractive-index inclination laminating section in which is the optical 
multilayers filter which carried out the laminating of the dielectric thin film to a multilayer in 
single direction, and a refractive index of a dielectric thin film layer carries out sequential 
inclination change to the direction of a laminating. It considered as a configuration equipped with 
the crosswise lamination section which carried out the laminating of a dielectric thin film layer of 
a high refractive index, and the dielectric thin film layer of a low refractive index by turns, and a 
refractive-index difference controller prepared among these laminating sections. 
[0016] Moreover, an optical multilayers filter of this invention was considered as a configuration 
which forms said refractive-index difference controller with two or more different single 
refractive-index films as said The means for solving a technical problem. 

[0017] As said The means for solving a technical problem, moreover, an optical multilayers filter 
of this invention The 1 st refractive-index inclination laminating section which is the optical 
multilayers filter which carried out the laminating of the dielectric thin film to a multilayer in 
single direction, and carried out the laminating of the dielectric thin film to a multilayer so that a 
refractive index might carry out a sequential increment stair-like. It considered as a 
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configuration which forms the crosswise lamination section which carried out the laminating of a 
dielectric thin film layer of a high refractive index, and the dielectric thin film layer of a low 
refractive index by turns, and the 2nd refractive-index inclination laminating section which 
carried out the laminating of the dielectric thin film to a multilayer so that a refractive index 
might carry out sequential reduction stair-like in above order. 

[0018] Moreover, an optical multilayers filter of this invention is an optical multilayers filter 
according to claim 6 characterized by preparing a refractive-index difference controller which 
comes to use a single refractive-index film formed in a desired refractive index by changing a 
presentation ratio of Si02 and Ti02 between said refractive-index inclination laminating sections 
and crosswise lamination sections as said The means for solving a technical problem. 
[0019] Moreover, an optical multilayers filter of this invention was considered as a configuration 
formed using a single refractive-index film which formed said refractive-index inclination 
laminating section in a desired refractive index by changing a presentation ratio of Si02 and 
Ti02 as said The means for solving a technical problem. 
[0020] 

[Embodiment of the Invention] When the laminating of the film thin enough is carried out to 
control light wave length, control light does not recognize this to be a cascade screen, but 
responds as an equivalent single refractive-index film according to a laminated structure. It is 
possible to obtain the optical spectral separation filter which has the property which changed 
continuously to the direction of thickness by changing the laminated structure of two kinds of 
different refractive-index films using this property. Moreover, the stable membrane formation of 
a single optical film which has a desired refractive index is attained by using high methods of 
forming a membranous controllability, such as the Helicon spatter method, for obtaining the film 
which has the refractive index of arbitration by controlling the presentation ratio of two kinds of 
different materials in simple gland. The optical multilayers filter concerning this invention is made 
into the structure equipped with the refractive-index inclination laminating section which carries 
out inclination change of the refractive index of a dielectric thin film to the direction of a 
laminating, and the height refractive-index crosswise lamination section paying attention to an 
above-mentioned point. Moreover, in addition to the above-mentioned configuration, the optical 
multilayers filter concerning this invention is considered as the configuration of the optical 
multilayers having a refractive-index difference controller with these laminating sections. 
Moreover, the optical multilayers filter concerning this invention forms the above-mentioned 
refractive-index difference controller with two or more different single refractive-index films. 
Furthermore, the optical multilayers filter concerning this invention is formed using the single 
refractive-index film which formed the above-mentioned refractive-index inclination laminating 
section or an above-mentioned refractive-index difference controller in the desired refractive 
index by changing the presentation ratio of Si02 and Ti02. Thus, according to the constituted 
optical multilayers filter, the higher flexibility of optical property layout is securable, securing the 
repeatability and the controllability in membrane formation. And it is few and. in an optical 
property, interference becomes good possible [ offering an optical multilayers filter with high 
productivity ]. 
[0021] 

[Example] The example of this invention is explained below with reference to a drawing. Drawing 
1 (a) is drawing showing the refractive index of an optical multilayers filter and the relation of 
thickness concerning one example of this invention, and drawin g 1 (b) is explanatory drawing 
showing the concept of the cross-section structure. The optical multilayers filter of this 
invention is constituted so that it may have the crosswise lamination section A which carried out 
the laminating of the refractive-index inclination laminating section C and the dielectric thin film 
layer of a high refractive index in which are the optical multilayers filter and the refractive index 
of a dielectric thin film layer carries out sequential inclination change to the membranous 
direction of a laminating, and the dielectric thin film layer of a low refractive index which carried 
out the laminating of the dielectric thin film to the multilayer in single direction by turns. 
Moreover, it has the controller B of the refractive-index difference of the above-mentioned A 
portion and C portion, and has composition which formed membranes to the direction of a 
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laminating from a substrate in order of the refractive-index inclination laminating section C. the 
refractive-index difference controller B, the crosswise lamination section A. the refractive-index 
difference controller B, and the refractive-index inclination laminating section C. 
[0022] Next, the broadband reflective filter as one example of this invention is explained with 
reference to drawing 2 (a), drawin g 2 (b), drawin g 3 , and drawing 4 . Dra wing 2 (a) is drawing 
showing the number of laminatings as a broadband reflective filter and the relation of a refractive 
index concerning the example of this invention, and the continuous line of dr aw ing 2 (b) shows 
the count result of the transparency spectrum in the broadband reflective filter shown in d rawing 
2(a). Drawing 3 is drawing showing the membranous quality of the material and a membranous 
refractive index. Drawing 4 is drawing showing the transparency spectrum count curve and 
experimental value of the broadband reflective filter concerning the example of this invention. 
The broadband reflective filter as one example of this invention consists of a broadband 
reflective filter of 31 layers which designed Si02 and Ti02 as a material. Furthermore, 
specifically, the laminating configuration of each dielectric thin film layer was carried out as 
follows. 

LABCDECFBGAH (LH) U H, A, B. C, D. E, F. and G are Si02-Ti02 bipolar membrane which has 
the optical thickness (nd=lambda/4) shown in draw ing 3 4 LGAFBEDCBAL here. And LABODE 
and EDCBAL are the laminatings of Si02— Ti02 bipolar membrane where the refractive index 
inclined symmetrically. (It is equivalent to the refractive-index inclination laminating section C in 
explanatory drawing of drawing 1 .) 

Moreover, the portions of CFBGA and LGAFB are height refractive-index crosswise lamination 
which consists of Si02-Ti02 bipolar membrane. (It is equivalent to the refractive-index 
difference controller B in explanatory drawing of drawin .) The above-mentioned refractive- 
index difference controller is formed in this way with two or more different single (preferably four 
or more kinds) refractive-index films. Furthermore, the above-mentioned refractive-index 
inclination laminating section and an above-mentioned refractive-index difference controller 
constitute the presentation ratio of Si02 and Ti02 using the single refractive-index film which 
was changed respectively and formed in the desired refractive index, as shown in drawing 3 . 
Moreover, H(LH) 4 for a core are the crosswise lamination of the dielectric thin film layer of the 
high refractive index which consists of conventional Ti02 and Si02 monolayer, and the dielectric 
thin film layer of a low refractive index. (It is equivalent to the crosswise lamination section A in 
explanatory drawing of drawing 1 .) Layout thickness is 31 19 nm again. Thus, about the 
broadband reflective filter concerning one example of designed this invention, it produced and 
experimented using the Helicon spatter method. The Helicon spatter method is a method of 
performing sputtering using the plasma excited by preparing the coil for inductive discharge on a 
magnetron cathode, and generating a helicon wave. For this reason, precision membrane 
formation of a low plasma damage and the multicomponent film of high density is attained. Two 
sets of the Helicon cathodes are used for Helicon spatter equipment. The target of fused silica 
(99.99%) and sintering titanium oxide (99.5%) is attached in the Helicon cathode, respectively. In a 
target and an induction coil, it is rf (13.56 MHz). Power was impressed and power was set to 0- 
200W. Basic pressure of the chamber at the time of membrane formation 5x10 to 5 Pa It 
considered as the following. The ratio of a cathode, the argon introduced into the radical gun, 
and oxygen gas set to Ar/02=2/1, and the membrane formation pressure was set to 1.8x10 to 1 
Pa. A substrate and distance between targets were set to 1 80mm, and the substrate was 
rotated by lOrpm. In a substrate, it is optical glass, (BK7. n= 1.52) And Si (100) single crystal 
substrate was used. Thickness and a refractive index were measured using the ellipsomter 
(Gaertner LI 16-B, 633nm). Organization observation of a film is TEM (JEOL-200FX). It carried 
out The permeability of multilayers is a spectrophotometer. (Shimadzu UV-3101-200FX) It used 
and measured in [ wavelength ] 200-2500nm. About the optical multilayers concerning the 
example of this invention created by these, when the cross-section structure was observed, it 
was in agreement with what is shown in drawing 1 . Moreover, although not illustrated, the 
orientation for the lightness in a light field image to decrease according to increase of a class 
refractive index, i.e., the increment in Ti02 content in each class, is looked at by the TEM 
photograph. In addition, in XRD of Si02, Ti02, and Si02-Ti02 bipolar membrane, SEM, and TEM 
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analysis, the fine structure of Si02-Ti02 bipolar membrane is an amorphous film including 
homogeneity, an isotropic amorphous film, and the nano crystal Ti02, does not have a deviation 
dependency etc, and is optically made into ideal membrane structure as a homogeneous optical 
multilayers filter. Moreover, the evaluation result of an optical property and the transparency 
spectrum of the obtained multilayers have 99.8% of reflection factor on the main wavelength of 
730nm. and were mostly in agreement with the count curve. Moreover, also in FWHM (full widthat 
half maximum), it was mostly in agreement with the layout value. Moreover, the dashed line 
shows the count transparency spectrum of the multilayers filter according to Ti02 and Si02 
crosswise lamination 31 layers which shows the count transparency spectrum of the broadband 
reflective filter concerning the example of above-mentioned this invention as the continuous line, 
and was shown in the conventional example for the comparison to drawing 2 (b). The broadband 
reflective filter concerning the example of this invention is compared with the optical multilayers 
filter of the conventional example, there is little interference in a transparency band, and drawin g 
2 (b) shows that the optical property superior to as a broadband reflective filter is obtained. 
Moreover, it turns out that interference in a transparency band is further controlled rather than 
a RUGETO mold filter as compared with the transparency spectrum of the RUGETO mold filter 
shown in drawing 2 (b) as other conventional examples. Thus, in the broadband reflective filter 
concerning the example of this invention, it becomes possible to control interference and to 
obtain a high optical property. Moreover, since it can consider as an easy film configuration 
compared with a RUGETO mold filter, the repeatability and the controllability in membrane 
formation can be secured and it becomes possible to offer an optical multilayers filter with high 
productivity. 

[0023] Next, the narrow-band transparency filter as other examples of this invention is explained 
with reference to drawin g 5 . D rawin g 5 is drawing showing the count result of the transparency 
spectrum of the narrow-band transparency filter concerning the example of this invention. Also 
in the narrow-band transparency filter as other examples of this invention, it constitutes so that 
it may have the crosswise lamination section which carried out the laminating of the refractive- 
index inclination laminating section in which the refractive index of a dielectric thin film layer 
carries out sequential inclination change to the membranous direction of a laminating, and the 
dielectric thin film layer of a high refractive index and the dielectric thin film layer of a low 
refractive index by turns. Furthermore, specifically, the laminating configuration of each dielectric 
thin film layer is carried out as follows. 

LABCDECFBGAxH(LH) nLyH(LH) nxHLGAFBEDGBAL ~ here, the curves T124. T663, and T282 
in drawing 5 correspond to the parameter of x= 1 , y= 2. n= 4, x= 6, y= 6. n= 3, x= 2. y= 8. and n= 
2, respectively, and each film consists of the material and refractive index which are shown in 
drawing_3 . And in the narrow-band transparency filter concerning the example of this invention, 
it turns out that about 100% of reflection factor is obtained for about 100% of permeability in a 
reflective field again in the main wavelength of 730nm so that clearly from drawing 5 . 
Furthermore, by adjusting the parameter of above-mentioned multilayers, it becomes possible to 
control the wavelength range of a transparency bandwidth from 1 nm to 50nm. and it becomes 
possible [ obtaining the high optical property as a narrow-band transparency filter ]. 
[0024] 

[Effect of the Invention] Since the laminating was carried out according to this invention so that 
it might have the crosswise lamination section which carried out the laminating of the refractive- 
index inclination laminating section in which the refractive index of a dielectric thin film layer 
carries out sequential inclination change to the direction of a laminating, and the dielectric thin 
film layer of a high refractive index and the dielectric thin film layer of a low refractive index by 
turns as explained above, it enables interference to offer few good optical multilayers filters of 
an optical property. Moreover, it becomes possible to offer an optical multilayers filter with high 
productivity. 
[0025] 



[Translation done.] 
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